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CLAIMS 



(57) [Claim(s)] 

[Claim 1] In the automobile which has two or more wheels in which at least one tire was attached, respectively It 
has a display interface for inflation pressure force monitoring system to direct the unusual inflation pressure force 
inside said automobile, furthermore, this system is equipped with detection/transmitting means equipped with each 
following means for said every tire, i.e., this detection/transmitting means A means to detect a pressure, and a 
means to generate the signal which shows each temperature-compensation pressure of said tire, A means to 
identify uniquely each of said tire, and the location on said automobile while encoding said signal and generating a 
coded signal, Having a means to transmit said coded signal, and a means by which said system receives said coded 
signal further, A means to decode said coded signal and to generate the status signal according to it. In said inflation 
pressure force monitoring system which changes having a means to offer the display which shows each low voltage 
force and location of said tire, according to said status signal — since — Said detection/transmitting means is 
attached in the interior of said tire, When said system changes the tire of said automobile, it has the means which 
carries out recalibration of said system so that said system may re-acquire the information about each location of 
said tire, The push button which the means which carries out recalibration of said system coordinated with said 
microcontroller and a means to offer said display, Said microcontroller is programmed to store the location of said 
tire of said automobile by pushing a push button in a predetermined way in preparation ****** and this case in the 
first half, And the means which carries out recalibration of said system to each of said tire It has the magnetic 
actuation switch attached near said detection/transmitting means. This magnetic actuation switch is operated 
according to existence of the field of that near, and said switch operates in relation to moreover pushing said push 
button in said predetermined way in this case. By this Said system characterized by programming said 
microcontroller to store the location of said tire of said automobile. 

[Claim 2] The system given in the 2nd term of a claim by which a means to offer said display is characterized by 
what it consists of a driver information console and said push button, and said driver information console also offers 
another information about actuation of said automobile for. 

[Claim 3] The system given in the 1st term of a claim characterized by what said means to encode consists of an 
application-specific integrated circuit (ASIC), and said coded signal contains the identification code of a multibit for. 
[Claim 4] The system given in the 5th term of a claim characterized by what said multibit identification codes are 12 
bit codes. 

[Claim 5] The system given in the 5th term of a claim characterized by what said multibit identification codes are 20 
bit codes. 

[Claim 6] The system given in the 5th term of a claim characterized by what said multibit identification codes are 24 
bit codes. 

[Claim 7] The system given in the 1 st term of a claim characterized by what said means to encode consists of an 
application-specific integrated circuit (ASIC), and said coded signal contains the 1-bit pressure code which shows 
the condition of the inflation pressure force for. 

[Claim 8] The system given in the 1st term of a claim characterized by what said coded signal contains for the 1-bit 
study code which shows whether the information to which said detection/transmitting means acts as the professor 
of said means which carries out recalibration is offered so that said means to encode may consist of an application- 
specific integrated circuit (ASIC) and a system may be made to re-acquire the information about each location of 
said tire. 

[Claim 9] The system given in the 1 st term of a claim by which said dwell time amount is characterized by what said 
means to encode consists of an application-specific integrated circuit (ASIC), said application-specific integrated 
circuit (ASIC) has a means to establish dwell time amount between the outputted coded signals, and said coded 
signal is determined for based on the identification code of said multibit including the identification code of a 
multibit 

[Claim 10] The system given in the 11th term of a claim by which said multibit identification code is characterized 
by what is been 12 bit codes. 

[Claim 1 1] The system given in the 1 1th term of a claim by which said multibit identification code is characterized 
by what is been 20 bit codes. 

[Claim 12] The system given in the 11th term of a claim by which said multibit identification code is characterized 
by what is been 24 bit codes. 

[Claim 13] It is the exchanger which has housing in which a means to detect said pressure has the open end section 
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which is closed by the septum and demarcates **. The converter by which the aforementioned room was filled up 
with desiccation nitrogen and the septum side which does not counter said desiccation nitrogen was exposed to the 
interior of said tire, If it is the usually closed switch which has the first and the second contact, said second contact 
coordinates with said septum and one pressure in said tire falls below in a predetermined value, said septum so that 
said usually closed switch may be opened The system given in the 1 st term of a claim characterized by having the 
switch which moves in the direction which separates from said first contact. 

[Claim 14] The system given in the 1st term of a claim by which a means to generate said signal is characterized by 
what is consisted of surface-acoustic-waves (SAW) equipment. 

[Claim 15] The system given in the 3rd term of a claim by which a means to receive said coded signal is 

characterized by what is consisted of a regenerative receiver and a surface-accustic-wavcs (SAW) frequency 
controller. 

[Claim 16] The system given in the 1st term of a claim by which a means to decode said coded signal is 
characterized by what is consisted of a microcontroller. 

[Claim 1 7] Furthermore, the system given in the 1 st term of a claim characterized by having two or more dc-battery 
means for supplying power to each of said detection/transmitting means. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Background of invention This invention relates to the system for supervising the inflation pressure force of an 
automobile. Especially this invention relates to the inflation pressure force monitoring system which transmits to the 
receiver which attached in the automobile the information coded uniquely, and is displayed on a driver by forming a 
dc-battery actuation pressure sensor in each wheel according to an individual. 

The method of directing the inflation pressure force is variously learned for the conventional technique. The inflation 
pressure force sensor which offers the information on the inflation pressure force by which temperature 
compensation was carried out is used for these approaches. 

The compensation over a temperature change is important. That is, since a tire gets hot as air expands with 
temperature and an automobile operates for a long time, the indication of a pressure becomes extremely high when 
temperature compensation is not made. Similarly, especially as for the cold time of climate, the indication of the 
inflation pressure force becomes low. It is necessary to standardize the low indication also with these high or actual 
twists to constant temperature. 

In almost all cases, the conventional temperature-compensation approach used electronic fluctuation of an inflation 
pressure force sensor output. The example is indicated by U.S. Pat No. 4567459, No. 4703650, and No. 4966034. 
The conventional technique has the various well-known approaches for connecting inflation pressure force 
information to a driver further automatic in the company. There are a tuning circuit and a radio transmitter as these 
approaches. The former example is indicated by the United States patent mentioned above. The example of the 
approach using a radio transmitter is indicated by a U.S. Pat. No. 4510484 number, No. 4554527, and No. 5061917. 
Well-known inflation pressure force monitoring system has some which coded the digital value concerning each tire 
of an automobile. The example of this approach is indicated by U.S. Pat. No. 5001457 and U.S. Pat. No. 5061917 
mentioned above. 

By the time it might **** the integrated-circuit technique and the power generation technique to the small 
integrated circuit with the long lasting dc-battery, they progressed. The example of the system which attached the 
dc-battery actuation transmitter in the wheel of an automobile is indicated by U.S. Pat. No. 4978941 . The 
conventional remote inflation pressure force monitoring system has some faults. In order to perform a right display 
to an instrument panel into these systems in the first place, there are some which are once proofread at the time of 
an automobile assembly, but in these systems, in case standard maintenance of a tire shift of an automobile etc. is 
received, the problem resulting from having to carry out recalibration of the system is not taken into consideration. 
Moreover, it is not thought that the problem of exchange of the damaged transmitter and the problem of the 
proofreading accompanying exchange are also taken into consideration. Furthermore, a system will spread as the 
assembly cost of such a system falls. Consequently, when a code overlaps between different systems, pressure 
indication will be accidentally received by the receiver of another automobile which is present in near from the tire 
of one automobile, and it will be reported on the console of another automobile. 

Moreover, although mind has been conventionally paid to selection of suitable transmit frequencies in order to avoid 
the interference from other sources of a radio frequency, the characteristic problem has arisen in remote control, 
such as a keyless entry system system carried out extensively increasingly. 

Another problem considered not to be taken into consideration by the conventional system is concerned with 
evasion [ exhausting / of the transient at the time of actuation without low voltage force indication / exhausting / 
and / the transmitter before installation / dc-battery / dc-battery ]. 

When tires are changed or exchanged, to offer simply study or the inflation pressure force monitoring system which 
can carry out the relearning is desired in the tire location on the automobile, moreover, the same system on other 
automobiles — or to offer the system which is not influenced by other radio frequency generative systems 
automatic in the car [, such as a keyless entry system system, ] is desired. Furthermore, while using a newer long 
lasting power source, by normal operation, to offer the inflation pressure force monitoring system using the 
temperature -compensation pressure sensor technique for which it does not depend on power is desired that power 
should be saved. 

Outline of invention It is offering the remote inflation pressure force monitoring system which adopted the code of a 
proper as the transmitter which the purpose of this invention coordinates with a receiver in view of having 
mentioned above. 

It is offering the remote inflation pressure force monitoring system which avoided the interference from the 
neighboring source of radio-signal generation regardless of whether another purpose of this invention being related 
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to the specific automobile concerned. 

Still more nearly another purpose of this invention is offering the remote inflation pressure force monitoring system 
which makes recalibration of a receiver possible after the shift of a tire. 

Still more nearly another purpose of this invention is offering the remote inflation pressure force monitoring system 
which makes consumption of a dc-battery the minimum. 

According to these purposes and the other purposes, original binary code is used for the system of this invention to 
each transmitter used by the automatic in the car one. This code is the frequency which is not influenced by other 
RF (radio frequency) generative systems of an automobile top (for example, a keyless entry system system or an 
automobile alarm operation system) or the neighborhood (for example, another remote inflation pressure force 
monitoring system on the next automobile), and is transmitted by laying on top of an amplitude modulation RF 
carrier signal using the equipment based on surface acoustic waves (SAW). What is necessary is just to push the 
carbon button on a driver information console, in order to carry out recalibration of the receiver of an automobile 
after the shift of a tire according to the location of the wheel (therefore, exchanged transmitter) for which it was 
exchanged. 

Moreover, by the usual actuation, the mechanical temperature-compensation pressure sensor which does not 
consume power is used for the system of this invention. If a pressure falls below in a predetermined value, a switch 
contact will open and a signal will be sent out to a driver information console. 

Easy explanation of a drawing The purpose and. the description of the above of this invention and others are 
hereafter explained to a detail through the suitable example shown in the accompanying drawing. Drawing 1 is the 
block diagram of the reception concerning the suitable example of this invention, and a sending set. 
Drawing 2 is drawing showing the physical configuration of a sending set. 

Drawing 3 is drawing showing physical arrangement of the sending set in the drop center of a wheel. 
Drawing 4 is drawing showing the pressure switch adopted in the suitable example. 

Drawing 5 is a timing diagram which shows the transmit timing of each data packet from a sending set to a receiving 
set- 
Drawing 6 is the comparison Fig. showing the engine performance of a receiver based on the surface acoustic waves 
(SAW) of this invention as compared with the engine performance of the conventional receiver. 
Drawing 7 is the example of arrangement of a driver information console (DIC) drop. 

Drawing 8 is the timing chart showing how the inflation pressure force information on each wheel is transmitted to a 
receiver without contention. 

Detailed explanation of a suitable example Drawing 1 is the block diagram of the inflation pressure force remote 
monitoring system of this invention, and the system sensor / transmitter 100 formed for every tire of an automobile 
are shown with the system receiver 200 here. Each sensor/transmitter are attached behind the conventional 
screw-thread type tire valve, and as shown in drawing 2, it constitutes the whole assembly 20. A valve functions as 
an antenna for transmitting the encoded tire discernment and pressure information to a receiver 200 so that it may 
mention later. 

Before moving to detailed explanation of an electronic circuitry, the mechanical side face of equipment is explained 
a little. The electronic circuitry of a sensor/transmitter is held in nylon housing filled up with glass, and in order to 
protect from mechanical oscillation, dirt, etc. further, it is inserted in with the insulating material. By the starting 
configuration, the unit in a tire with a low manufacturing cost is obtained that it is easy to install. Total weight of 
equipment is made as small as possible in order to abolish the need of attaching counterweight in the wheel which 
attaches the equipment concerned. Moreover, he can attach equipment easily in the drop center cavity of a wheel, 
and is trying to protect from tire removal equipment by making the dimension of equipment as small as possible. 
Drawing 3 shows an example which attached the assembly 20 in the drop center of a wheel 30 in this way. 
Each sensor/transmitter contain the lithium power source which can continue supplying power for ten years. Since 
the life of a power source is long, it becomes possible to attach everlastingly, and exhaust a power source and it is 
not changed. 

By using surface fittings, the electronic circuitry is designed so that a tooth space may be maintained. Although the 
printed circuit board (PCB) for electronic circuitries is formed from flame resistance fiber glass FR-4 ingredient in 
the suitable example, other ingredients may be used for it if needed. The component outside a substrate is 
connected to the main PCB using distorted release through tube connection. 

Sensor 400 the very thing which showed the outline to drawing 4 is mechanical contrivance which emits a low 
voltage report through opening of a switch. As the following things show, although a sensor does not consume 
power, this is the description important for the reinforcement of equipment. In drawing 4, a sensor 400 has the 
pressure diaphragm 410 which consists of beryllium 1 copper alloy. The body 420 is formed from brass. Glass / seal 
430 between metals encloses a stanchion 440, and closes ** 450 formed with the diaphragm 410 and the body 420. 
** 450 is filled up to the pressure which is slightly less than the pressure which needs the desiccation nitrogen 
which has the same temperature expansion property as air to produce a low inflation pressure force report. For 
example, in the case of the reserve tire which carried this pressure in 25psi(s) (1.76kg/cm2) and a trunk by 20- 
degree Centigrade in the case of the tire of an automobile, it is made into 60psi (4.22kg/cm2). In the case of the tire 
of the class of a truck and others, pressures may differ. Therefore, the distant one side of a diaphragm 410 is 
exposed to nitrogen, and the nearer one side is exposed to the air in a tire.. 

A stanchion 440 has the contact 445 of the gold which usually touches the diaphragm. If the pneumatic pressure in 
a tire decreases to below a predetermined value, the nitrogen in ** 450 will energize a diaphragm in the direction 
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which separates from a contact 445, and will open a switch. Since this switch is an inactive component, as 
mentioned above, it does not consume power. 

A system will emit warning, if the pressure of the tire attached in the automobile descends below to a 
predetermined value. Furthermore, the system is carrying out the self-monitor and reports malfunction of a system 
to a user. Furthermore, since data output of a receiver can be performed so that it may suit with the computer for 
driver information consoles automatic in the car, it can display inflation pressure force information directly on an 
instrument panel with other actuation information again. In addition, control of the computer for driver information 
consoles can be used in order to carry out recalibration of the system in a tire shift, so that it may explain below. 
If drawing 1 is referred to again, non-field elastic wave (SAW) equipment 110 will function as a primary oscillator in 
each sensor / transmitter 100, and will emit an amplitude modulation RF (radio frequency) carrier signal. The 
application-specific integrated circuit (ASIC) 130 is constituted so that the output-data rate of the coding network 
of equipment may be set up (after-mentioned). 

Surface-acoustic-waves equipment 110 was the source of a frequency stabilized essentially, and since frequency 
compensation was continued and carried out to an extensive temperature requirement, it was adopted. This 
compensation property is especially important when equipment needs to give exact wireless transmit frequencies 
irrespective of whether a tire is very cold or to be hot. Surface-acoustic-waves equipment 1 10 sends the low- 
power output RF signal selected so that the interference to other sources of a frequency might serve as min. 
Moreover, this selection is based also on the need of constituting the communication path stabilized through the 
minor diameter edge property of an automobile. Therefore, the frequency of about 418.0MHz was selected in the 
suitable example. 

An application-specific integrated circuit 130 generates the data which should be transmitted as a serial data signal 
according to disconnection of the pressure switch of drawing 4. As shown in drawing 5, a serial data signal contains 
the transmitter discernment (ID) code of a multibit, a 1 bit pressure code, and a 1 -bit study code. The number of 
bits of transmitter identification code is decided according to the number of original codes required in order to 
identify each transmitter correctly. In one example, although the die length of identification code is 12 bits, it is good 
also as 20 bits or 24 bits if needed. A start bit is preceded with each transmitter identification code. An application- 
specific integrated circuit 1 30 generates a TTL (transistor-transistor logic) level signal required to drive an oscillator 
120. The study mode switch 160 which operates magnetically, the pressure switch 170 mentioned above, a 
multilayer printed board trace switch required to set up each transmitter code programmed by each transmitter at 
the time of manufacture, and ** are contained in the input section of an application-specific integrated circuit 130. 
The transmitter itself is designed according to the requirement of FCC (U.S. communication link committee). 
Another description of the code programmed by the application-specific integrated circuit 1 30 relates to transmit 
timing. As shown in the timing chart of drawing 8, the dwell period, i.e., a "off" period, is established between the 
continuous data packets at arbitration. The indexing of this "off" period is carried out to the specific transmitter 
code programmed by each transmitter 100 at the time of manufacture. Consequently, they make it hard for two 
transmitters not to transmit to coincidence at ail, and to happen interference of transmitters, or the collision of a 
radio frequency. This description is especially important when this system is realized by the whole fixed automatic 
vehicle group, for example. Possibility that the transmitter of a certain automobile in the automatic vehicle group 
concerned will send the low voltage report which was mistaken in another automobile in this way falls. 
The description of 12 bit codes makes possible what the signal with which the receiver of each system was sent 
from the transmitter of the system concerned, and the signal from a transmitter attached in other automobiles are 
identified for again. 

The buffer of the RF (radio frequency) signal output is amplified and carried out with the latter amplifier 140 with the 
application-specific integrated circuit supply code put on it amplifier 140 can generate the RF signal which has the 
amplitude suitable for offering a communication link effective for the receiver which operates in the PAX interior of 
a room of an automobile — it is simple and is efficient low cost common emitter amplifier. The data signal from the 
encoder application-specific integrated circuit of a transmitter turns this amplifier stage on and off. Consequently, 
the Pulse-Density-Modulation signal which transmits the digital information put on the amplitude modulation RF 
subcarrier is acquired. 

The output of amplifier 140 is correctly adjusted on the valve rod 150 of a tire. Since it exposes from a wheel and 
this valve rod 1 50 forms an ideal radio-signal transmitting antenna, it is the especially suitable antenna. The 
antenna-matching circuit 180 considers maximum RF power movement magnitude. When a hold **** antenna is 
completely used in a tire, the amount of energy of a receiver decreases and a much more powerful transmitter or a 
receiver with still higher sensibility is needed. The die length of a valve rod is shortened in consideration of the clock 
frequency of a transmitter. Therefore, the suitable impedance matching circuit 180 is formed so that all radio 
frequencies may be guided at an antenna. Moreover, in order to insulate a valve rod from the conductive wheel with 
which is isolated from water dirt or it is equipped, special non-conductive coating has been performed to the outside 
of a valve. 

next, when the receiver 200 of drawing 1 is referred to, the function of this receiver is receiving information from 
each transmitter 100 namely, — from each wheel in equipment, decoding the information concerned, sending to a 
driver information console further, and displaying on an automobile operator. Each receiver 200 is a super-low power 
playback mold receiver which operates on the frequency of the corresponding transmitter 100. The receiver 200 is ■ 
designed as there are other radio frequency receivers and compatibility which are operating by the same automatic 
in the car one. There is a receiver applied to the keyless entry system system (equipment which opens and closes a 
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door lock, without using a key) carried, for example in the automobile as such a receiver. 

The receiver 200 has taken in the playback design which effectiveness presents high sensitivity well by low cost. 
Like a transmitter 100, the frequency controller based on surface acoustic waves is being used for a receiver 200, 
and it is stabilizing clock frequency effectively in consideration of both temperature and mechanical oscillation. 
Moreover, since the characteristic spectrum noise essentially generated by the regenerative receiver around desired 
clock frequency closes the design based on surface acoustic waves (SAW) and it can perform eye ** certainly, it is 
advantageous. This result is shown in the graph of drawing 6. 

the clock frequency circumference is trustworthy — shutting up — the compatibility of the receiver concerned to 
other receivers automatic in the car is raised. The design approach of a receiver based on these surface acoustic 
waves (SAW) also presents good selectivity again. 

As shown in drawing 1, an antenna 210 receives a signal from the valve rod antenna 150. The antenna 210 attached 
in the closing container of a receiver 200 has the high sensibility in both vertical and horizontal polarization mode in 
order to decrease the effect of the polarization mismatching between a system transmitter and a receiver. 
An input signal is sent out to the regenerative receiver 220 which has two incomes with a surface-acoustic-waves 
(SAW) frequency controller, and operates as mentioned above. The datcoord section 240 is formed in the output 
side of a receiver 220 in order to decrease signal degradation which may be produced by the external noise. The 
output of the datcoord section 240 is supplied to a microcontroller 250. In the suitable example, although this 
microcontroller is 8 bits, more powerful and in order to make it low cost, it may consider use of other much more 
powerful microcontrollers for a processor. 

A microcontroller 250 receives a timing signal from a lens 260. decodes the information within a signal, and sends it 
to the bus interface 270 further. The bus interface 270 interprets the decoded information according to a specific 
driver information console automatic in the car. If the manufacturer of an automobile is different, a bus interface will 
also become each manufacturers original thing so that the designs of a console may also differ, respectively. Since 
it is available components separately, it is not necessary to explain an interface in full detail here. However, probably 
an interface usually consists of four pieces or five low cost external passive elements with one integrated circuit 
When supplied by the automobile manufacturer, driver information console 700 the very thing which showed an 
example to drawing 7 may consist of, two or more lamps (LED), i.e., light emitting diode, and may consist of liquid 
crystal displays (LCD). 

Moreover, a receiver 200 has a wheel shift recalibration switch interface concerning a microcontroller 250. As 
already stated, the recalibration of a system is required in order to act to a system as the "professor" of the new 
wheel location resulting from the shift of a tire. In practice, the same structure may be used in order to act to a 
system as the "professor" of the early wheel location (in for example, the case of a four-flower automobile wheel 
location of left-hand side anterior part and a posterior part, right-hand side anterior part, and a posterior part) at 
the time of manufacture. 

The power equalization circuit 280 is shown in the top left corner of the receiver 200 of drawing 1. This circuit 
constitutes the voltage regulator which decreases and adjusts the standard voltage (for example, 13.8V) impressed 
by the electric system of an automobile to stable 5.0V used by a radio frequency microcontroller circuit and the 
driver information console interface circuitry. According to another description of this invention, each system 
receiver "can learn" the code related to each transmitter. This description contributes to the collision-prevention 
function of a radio frequency in which it explained previously, further. Moreover, it acts a code required at the time 
of manufacture as the "professor" of each receiver. When drawing 7 is referred to, the driver information console 
700 has two micro carbon buttons 710 and 720 located the inflation pressure force alarm display lamp 730 thru/or 
near 760. In a suitable example, in order to make a system into "study" mode for about 60 seconds, two carbon 
buttons are pushed for 3 seconds at coincidence. In the meantime, he admires a receiver to reception of the 
characteristic learning mode signal from one of the transmitter attached in the tire. In order to send a learning mode 
signal, the sweep of the powerful magnet is carried out on the outside of each automobile tire near [ each ] the 
transmitter. Each transmitter will be returned to the system receiver integrated in the study signal so that a new 
transmitter code group may be learned, if the magnetic signal produced as a result is received. 
Sequential [ to which each transmitter acts as the professor of the receiver ] (namely, sequential [ to which a 
magnet passes each wheel ]) determines the current position of each wire on an automobile, for example, a front left 
wheel, a rear left wheel, a front right wheel, a rear right wheel, etc. According to this process, the starting position 
proofreading in the case of installing a system in the assembly plant of an automobile becomes easy. 
Another function of carrying out the sweep of each transmitter magnetically is decreasing consumption of the 
remarkable dc-battery before installation, and prolonging the storage life of a transmitter by "awaking" each 
transmitter from the sleep mode at the time of manufacture. 

When a transmitter is damaged, in order to change a transmitter again, a receiver may be formed so that it may 
sympathize with transmitter code with an another common shift code etc. 

"Study" function is important not only at for example, the time of manufacture but the time of everyday 
maintenance of an automobile, for example, the shift of a tire. Since a receiver 200 matches the code of each of 
that transmitter with the location (for example, a front left wheel, a rear left wheel, a front right wheel, a rear right 
wheel) of each transmitter on an automobile and is programmed at the time of the shift of a tire, the relearning of 
each location is needed. When this relearning was not performed and the inflation pressure force of a specific tire 
decreases to a transient, the display on a driver information console will give the wrong information. 
As shown in drawing 7, label attachment of the two micro carbon buttons 710 and 720 is carried out with old 
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[ "old" ] and the "present", respectively. Immediately after a tire shift, a maintenance engineer pushes the "old" 
carbon button 710 repeatedly until the tire location of a request on the driver information console 700 lights up. 
Thus, after deducing an old location, an engineer pushes the "current" carbon button 720 until the current position 
of a tire lights up on a console 700. If a "current" carbon button is opened, after old and the current location of a 
tire with arbitration will blink continuously, a pause (for example, 0.5 seconds) displays the recalibration which should 
be continued and stored. This information can also be displayed on a liquid crystal display (LCD). Recalibration of 
this new tire location is carried out to the system receiving inside of a plane by pushing old and a current carbon 
button at the short-time coincidence for less than 3 seconds. This procedure is repeated for every tire of a system, 
and if old and the present carbon button are pushed, for example for 10 seconds at coincidence and recalibration of 
the last tire is carried out, it will be ended. 

As an example, in a standard tire shift, a front-wheel tire is moved to a rear wheel tire, a rear wheel tire is moved to 
a front-wheel tire, and it replaces with. At the first recalibration step, the "old" carbon button 710 is pushed until 
the front left wheel lamp on the driver information console 700 lights up. Next, the "current" carbon button 720 is 
pushed until the rear left wheel lamp on a console 700 lights up. Furthermore, a push on the carbon button of old 
and present both stores the location of the transmitter which moved to the rear left wheel from the front left wheel 
in a receiver 200. 

As mentioned above, although this invention has been explained to a detail based on a suitable example, it is clear to 
this contractor that various modification and corrections can be made, without deviating from the range and pneuma 
of this invention. Therefore, it should be understood as this invention being limited by only the attachment claim. 
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* NOTICES * 

JPO and NCIPt are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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(57) Abstract 



A system for indicating low tire pressure in vehicles, in which each vehicle wheel has a transmitter (100) with a unique code. A 
central receiver (200) in die vehicle is taught, at manufacture, to recognize the codes for the respective transmitters (100) for the vehicle, and 
also a common transmitter code, in die event one of the transmitters (102) needs to be replaced. During vehicle operation and maintenance, 
when the tires are rotated, the system can be recalibrated to reteara the locations of the transmitters. The tran sm i tte rs (100) employ 
Burfecc acoustic wave (SAW) devices (110). An application specific integrated circuit (ASIC) encoder (130) in each transmitter (100) is 
programmed at manufacture, in accordance with its unique code, to send its information at different intervals, to avoid clash between two 
(100) on the vehicle. The transmitters (100) are powered by long-life batteries. 
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REMOTE TIRE PRESSURE MONITORING SYSTEM EMPLOYING 
CODED TIRE IDENTIFICATION AND RADIO FREQUENCY 
TRANSMISSION, AND ENABLING RECALIBRATION 
UPON TIRE ROTATION OR REPLACEMENT 

BACKGROUND OF THE INVENTION 
The present invention relates to a system for monitoring pressure of tires 
in a wheeled vehicle. In particular, the invention relates to a tire pressure 
monitoring system employing individual battery-powered pressure sensors in each 
5 wheel, for transmitting uniquely coded information to a receiver mounted on the 
vehicle for display to a vehicle operator. 

The art is replete with various known approaches to providing indications 
of tire pressure. These approaches include tire pressure sensors which provide 
temperature-compensated tire pressure information. Compensation for changes 
10 in temperature is important. Because air expands with temperature, and because 
tires get hotter the longer a vehicle is operated, failure to provide compensation 
for temperature can yield inordinately high pressure readings. Likewise, parti- 
cularly cold weather can yield low tire pressure readings. These high and low 
readings need to be normalized to a constant temperature. 
IS For the most part, known approaches to temperature compensation have 

employed electronic alteration of tire pressure sensor outputs. Examples may be 
found in USP 4,567,459, 4,703,650, and 4,966,034. 

The art further includes a number of known approaches for communicat- 
ing tire pressure information to a vehicle operator inside the vehicle. These 
20 approaches include tuned circuits and radio transmitters. Examples of the former 
may be found in the just-mentioned U.S. patents. Examples of radio transmitter 
approaches may be found in USP 4,510,484, 4,554,527, and 5,061,917. 

Another aspect of known tire pressure monitoring systems r elat es to the 
coding of digital values associated with respective tires on a vehicle. Examples 
25 of such approaches are found in USP 5,001,457 and in just-mentioned USP 
5,061,917. 
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Integrated circuit technology and power generation technology have 
progressed to the point where long-life batteries can power small uiiegrated 
circuits. An example of a system employing battery-powered transmitters on 
vehicle wheels is found in USP 4,978,941. 
5 Known remote tire pressure monitoring systems are deficient in several 

respects. First, while presumably some of these systems are calibrated somehow 
during vehicle assembly to enable proper display on, for example, a dashboard 
console, these systems do not address the problem arising from the need to 
recalibrate the systems when the vehicles undergo standard maintenance such as 
10 tire rotation. The problem of replacement of damaged transmitters, and of 
calibration of the replacements, does not appear to be addressed, either. 

Another deficiency relates to the coding of transmitters for associated 
receivers. As the cost of assembly of such systems decreases, the systems will 
proliferate. If there is overlapping of codes among different systems, false 
IS pressure readings from tires of one vehicle could be reported on the console of 
another vehicle in close proximity, having been received erroneously by a 
receiver on that other vehicle. 

Also, while attention has been paid in the past to selection of appropriate 
transmission frequencies to avoid interference from other radio frequency 
20 sources, particular problems are presented by remote control systems, such as 
keyless entry systems, which are becoming more and more widely implemented. 

Yet another problem which does not seem to have been addressed in 
known systems relates to battery drain in transmitters prior to installation, and 
avoidance of excessive battery drain in operation, in the absence of a low 
25 pressure reading. 

It would be desirable to provide a tire pressure monitoring system which 
can learn, or relearn, tire locations simply on a vehicle when tires are rotated or 
replaced. It also would be desirable to provide a system which is not affected 
by similar systems on other vehicles, or by other radio frequency generating 
30 systems within the vehicle, such as keyless entry systems. Further, it would be 
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desirable to provide a tire pressure monitoring system which takes advantage of 
newer longer-life power sources, and which uses temperature-compensated 
pressure sensor technology which is not power dependent in normal operation, 
so as to conserve power. 

5 SUMMARY OF THE INVENTION 

In view of the foregoing, it is an object of the invention to provide a 
remote tire pressure monitoring system which employs codes which are unique 
to the transmitters which are associated with a respective receiver. 

It is another object of the invention to provide a remote tire pressure 
10 monitoring system which avoids interference from nearby radio signal generating 
sources, whether or not associated with the particular vehicle in question. 

It is still another object of the invention to provide a remote tire pressure 
monitoring system which enables recalibration of the receiver after tire rotation. 
It is yet another object of the invention to provide a remote tire pressure 
IS monitoring system which minimizes battery drain. 

Li accordance with the foregoing and other objects, the inventive system 
. employs a unique binary code for each transmitter used in a vehicle. The code 
is transmitted by superimposing it cm an amplitude modulated RF carrier signal 
using a surface acoustic wave (SAW)-based device, at a frequency which wDl not 
20 be affected by other radio frequency generating systems, either on the vehicle 
(e.g. a keyless entry system or car alarm activation system) or nearby (e.g. 
another remote tire pressure monitoring system on an adjacent vehicle). Buttons 
on a driver information console may be depressed after tire rotation to recalibrate 
the receiver on the vehicle to account for changed wheel (and hence changed 
25 transmitter) locations on the vehicle. 

The inventive system employs a mechanical temperature-compensated 
pressure sensor which does not consume power in normal operation. Switch 
contacts are opened when tire pressure falls below a predetermined value, 
causing a signal to be sent to the driver information console. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects and features of ihe invention now wiii be 
described in detail by way of a preferred embodiment, depicted in the accompa- 
nying drawings, in which: 
5 Figure I is a block diagram of receiving and transmitting apparatus 

according to a preferred embodiment of the invention; 

Figure 2 is a drawing of the physical configuration of the transmitting 
apparatus; 

Figure 3 is a drawing of the physical placement of the transmitting 
10 apparatus in a drop-center of a vehicle wheel; 

Figure 4 is a drawing of a pressure switch employed in the preferred 
embodiment; 

Figure 5 is a time chart showing timing of transmission of individual data 
packets from the transmitting apparatus to the receiving apparatus; 
15 Figure 6 is a comparative diagram showing performance of the surface 

acoustical wave (SAW)-based receiver of the invention as contrasted with thai of 
conventional receivers; 

Figure 7 is an exemplary layout of a driver information console (DIC) 
display; and 

20 Figure 8 is a timing diagram showing how tire pressure information for 

each wheel can be transmitted to the receiving apparatus without conflict. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 
Figure 1 is a block diagram of the inventive remote tire pressure monitor- 
ing system, in which a system sensor/ transmitter 100, one of these being provi- 
25 ded for each tire in a vehicle, is shown in conjunction with a system receiver 
200. Each sensor/transmitter is mounted to the back of a conventional screw-in 
tire valve to provide an overall assembly 20, as shown in Figure 2. As will be 
described, the valve acts as an antenna to transmit coded tire identification and 
pressure information to the receiver 200. 
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Before proceeding to a detailed description of the electronics, some 
description of the mechanical aspects of the device wiii be provided. The sensor/ 
transmitter electronics are packaged in a glass-filled nylon housing, and are 
potted to provide additional protection from mechanical vibration, dirt, and the 
5 like. The described mounting makes the in-tire unit easy to install and inexpen- 
sive to manufacture. The overall weight of the device is kept to a minimum, so 
as to reduce or eliminate the need to provide counterbalancing in the wheel in 
which the device is mounted. Also, by keeping the size of the device as small 
as possible, the device can be mounted and protected easily within the wheel's 

10 drop-center cavity, for protection from tire removal equipment. Figure 3 shows 
one example of such drop-center mounting of the assembly 20 on a wheel 30. 

Each sensor/transmitter uses an internal lithium power source, which can 
provide continuous power for up to ten years. The power source's long life 
makes it feasible to provide permanent mounting; the power source is not 

IS replaced when it is exhausted. 

The electronics have been designed to conserve space by using surface- 
mounted parts. The printed-circuit board (PCB) for the electronics is made from 
a flame resistance fiberglass FR-4 material in the preferred embodiment; other 
materials may be used if desired. The off-board components are connected to the 

20 main PCB using strain relief through-hole connections. 

The sensor 400 itself, shown schematically in Figure 4, is a mechanical 
device which provides a low pressure report through the opening of a switch. 
As will be appreciated from tfie following, the sensor does not consume any 
power. This is an important feature for the long operating life of the device. In 

25 Figure 4, the sensor 400 has a pressure diaphragm 410 made of a beryllium* 
copper alloy. The body 420 is made of brass. A glass to metal seal 430 
surrounds a post 440, and seals a chamber 450 which is formed by the diaphragm 
410 and the body 420. The chamber 450 is filled with dry nitrogen, which has 
the same temperature expansion characteristics as air, to a pressure just below 

30 that necessary to cause a low tire pressure report. For example, this may be 25 
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psi at 20°C for the tires on the car, and 60 PSI for trunk mounted spares. The 
pressure may be different for truck or other types of tires. Thus, the far side of 
the diaphragm 410 is exposed to nitrogen, and the near side is exposed to air 
within the tire. 

5 The post 440 has a gold contact 445, which normally is in contact with 

the diaphragm 410. When air pressure within the tire decreases below a predeter- 
mined amount, the nitrogen within the chamber 450 forces the diaphragm away 
from the contacts 445, thus opening the switch. Since this switch is an inactive 
element, it does not consume any power, as mentioned above. 

10 The system will output an alarm when the pressure in any tire mounted 

on the vehicle drops below a predetermined point. Further, the system is self- 
monitoring, and will report any system malfunction to the user. Still further, the 
data output of the receiver can be made to be compatible with a driver informa- 
tion console computer in a vehicle, so that tire pressure information can be 

15 displayed directly on a dashboard readout, along with other operational informa- 
tion. In addition, as described herein, the controls of the driver information 
console computer can be utilized to recalibrate the system in the event of tire 
rotation. 

Looking again at Figure 1, a surface acoustic wave (SAW) device 110 
20 functions as the primary oscillator in each sensor/transmitter 100, to provide an 
amplitude-modulated RF carrier signal. An application specific integrated circuit 
(ASIC) 130 is configured to set the output data rate of the coding circuitry of the 
device (described below). 

The SAW device 110 was selected because it is an inherently stable 
25 frequency source, and is frequency compensated over a wide temperature range. 

This compensation feature is particularly important, given that the device needs 
to provide an accurate radio transmission frequency whether the tire is very cold 
or very hot. The SAW device 110 provides a low output RF signal which is 
selected to provide a minimum of possible interference with respect to other 
30 sources. Selection also is based on the necessity of providing a reliable 
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communications path through small openings characteristic of automobiles. 
Consequently, in the preferred embodiment, a frequency of approximately 418.0 
MHz was chosen. 

The ASIC 130 creates data to be transmitted, in the form of a serial data 
5 signal, in response to opening of the pressure switch of Figure 4. As seen in 

Figure 5, the serial data signal contains a multiple-bit transmitter identification 
(ID) code, a one-bit pressure code, and a one-bit learn code. The number of bits 
in the transmitter ID code will depend on the number of unique codes necessary 
to identify the transmitters properly. In one embodiment, the ID code is 12 bits 

10 long. However, the ID code may be 20 bits long, or 24 bits long, or longer if 
necessary. A start bit precedes each transmitter ID code. The ASIC 130 
produces TTL level signals necessary to drive the oscillator 120. Inputs to the 
ASIC 130 include a magnetically-activated learn-mode switch 160, the pressure 
switch 170 described above, and multiple PC board trace switches necessary to 

15 set the individual transmitter code, which is programmed into each transmitter 
during manufacture. The transmitter itself is designed in accordance with FCC 
requirements. 

Another aspect of the code which is programmed into the ASIC 130 
relates to the timing of transmission. As shown in the timing diagram of Figure 

20 8, a random dwell time period, or off period, between consecutive data packets, 

is provided. This off period is indexed to the specific transmitter code 
programmed into each transmitter 100 at the time of manufacture. As a result, 
no two transmitters will transmit at exactly the same time, thus reducing or 
eliminating the possibility of transmitter interference or RF clash. This feature 

25 is particularly important when the inventive system is implemented in an entire 

vehicle fleet, for example. The likelihood thus is reduced that transmitters in one 
vehicle in the fleet will provide a false low pressure report to another vehicle. 

The uniqueness of the twelve-bit code also contributes to the ability of 
each system receiver to distinguish signals sent from its own transmitters from 

30 those of transmitters mounted on other vehicles. 
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TheRF signal output, with the ASIC-supplied code superimposed thereon, 
is amplified and buffered in a following amplifier stage 140 which may be a 
simple, efficient, low-cost common emitter amplifier which can produce an RF 
signal having an amplitude appropriate for supplying effective communication to 
5 a receiver operating within the vehicle's passenger compartment. The data signal 
from the transmitter's encoder ASIC keys this amplifier stage on and off. The 
result is a pulse width modulated signal which conveys digital information, 
superimposed on the amplitude-modulated RF carrier. 

The output of amplifier 140 is matched correctly onto a valve stem 150 

10 of the tire* The valve stem ISO is a particularly appropriate antenna, because it 
is exposed through the vehicle wheel, and hence makes an ideal radio signal 
radiator. The antenna matching circuitry 180 provides for maximum RF power 
transfer. It can be appreciated that using an antenna which is contained 
completely within the tire would reduce the amount of energy at the receiver, 

IS thus necessitating other a more powerful transmitter, or a more sensitive 
receiver. In view of the transmitter's operating frequency, the valve stem is 
short. Hence, appropriate impedance matching circuitry 180 is provided to 
ensure that all of the radio frequency is conducted to the antenna. Also, to 
isolate the valve stem from water dirt, and also to insulate it from the conductive 

20 wheel in which it is mounted, a special non-conductive coating is applied to the 
exterior of the valve. 

Looking now at receiver 200 in Figure 1, it is noted first that the function 
of this receiver is to accept information from each wheel in the device (i.e. from 
each of the transmitters 100), decode that information, and send it to the driver's 

25 information console for display to the vehicle operator. Each receiver 200 is a 
very low power, regenerative type receiver which operates at the frequency of 
its associated transmitters 100. The receiver 200 is designed to be compatible 
with other radio frequency receivers operating within the same vehicle. Such 
receivers include, for example, that associated with a keyless entry system with 

30 which the vehicle may be equipped. 
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The receiver 200 incorporates a regenerative design because such a design 
is low in cost, is efficient, and exhibits a high sensitivity. As in the transmitter 
100, the receiver 200 uses SAW-based frequency control, thus stabilizing the 
operating frequency effectively in view of both temperature and mechanical 
5 vibration. Hie SAW-based design also is advantageous because it enables tight 
containment of the characteristic spectral noise, inherently created by a regener- 
ative receiver, around the desired operating frequency. This result is shown 
graphically in Figure 6. 

The tight containment around the operating frequency enhances the 
10 compatibility of the receiver with other receivers within the vehicle. This SAW- 
based receiver design approach also exhibits good selectivity. 

As shown in Figure 1, an antenna 210 receives signals from the valve 
stem antenna ISO. The antenna 210, which is mounted within an enclosure of 
die receiver 200, is sensitive in both vertical and horizontal polarization modes 
15 in order to decrease the effects of polarization mismatch between system 
transmitters and receivers. 

The received signal is provided to regenerative receiver 220, which as 
described above operates in conjunction with a SAW frequency control device 
230. A data conditioning section 240 is provided at the output of receiver 220, 
20 to reduce signal degradation which can be caused by external noise. The output 

of data conditioning section 240 is provided to a microcontroller 250, which in 
the pre fer red embodiment is an eight-bit microcontroller, though the use of other 
more powerful microcontrollers is contemplated as processors become more 
powerful and less expensive. 
25 The microcontroller 250, which receives timing signals from crystal 260, 

decodes the information in the signal and transmits it to a bus interface 270 
which interprets the decoded information in accordance with the particular driver 
information console in the vehicle. Different vehicle manufacturers may use 
different proprietary designs for their consoles, so the bus interface likewise 
30 would be proprietary to the manufacturer. As the interface is a separately- 
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available component, it need not be described in detail here. Normally, how- 
ever, the interface will be comprised of an integrated circuit and perhaps four or 
five external passive, low-cost components. 

As supplied by the automobile manufacturer, the driver information 
5 console 700 itself, an example of which is shown in Figure 7, may be comprised 

of a plurality of lamps, light emitting diodes (LEDs), or alternatively may be a 
liquid crystal display. 

The receiver 200 also includes a wheel-rotation recalibration switch 
interface, associated with microcontroller 2S0. As has been mentioned, recalib- 
10 ration of the system is necessary in order to "teach" the system any new wheel 
locations resulting from rotation of the tires. In fact, the same structure may be 
used at manufacture to "teach" the system the initial wheel location (e.g. left 
front and rear, right front and tear, for a four-wheeled vehicle) at the time of 
manufacture. 

15 Also shown at the upper left hand corner of receiver 200 in Figure 1 is 

power conditioning circuitry 280, which includes a voltage regulator for reducing 
and adjusting the standard voltage (e.g. 13.8 volts) provided by a vehicle elec- 
trical system to a stable 5.0 volts used by the circuitry in the radio frequency, 
microcontroller, and driver information console interface circuitry. 

20 In accordance with another feature of the invention, each receiver system 

is able to "learn" the codes associated with its respective transmitters. This 
feature contributes further to the anti-clash capabilities described earlier. Each 
receiver is "taught" the necessary codes at the time of manufacture. Referring 
to Figure 7, driver information console 700 has two subminiature buttons 710 

25 and 720, located near tire pressure warning display lamps 730-760. In the 

preferred embodiment, the two buttons are depressed simultaneously fof three 
seconds, to place the system in "learn" mode for approximately 60 seconds. 
During this time, the receiver will be sensitive to receipt of a distinctive learn 
mode signal from one of its tire-mounted transmitters. In order to send the learn 

30 mode signal, a strong magnet is swept over the outside of each of the vehicle 

10 
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tires near each respective transmitter. As each transmitter receives the resulting 
magnetic signal, it transmits its learn signal back to the system receiver, which 
has been synthesized to learn its new family of transmitter codes. 

The sequence in which the transmitters teach the receiver (i.e. the order 
5 in which the magnet is passed by each of the vehicle wheels) determines the 
current location of each tire on the vehicle, e.g. left front, left rear, right front, 
right rear, etc. This process enables easy start-up position calibration when the 
system is installed at the factory where the vehicle is assembled. 

Another function of passage of the magnet across the transmitters is to 
10 "wake up* the transmitters from a sleep mode into which they are placed at the 
time of manufacture, in order to reduce significant battery drain prior to 
installation, and thus extend transmitter shelf life. 

The receiver also may be made sensitive to additional transmitter codes, 
such as a common replacement code, in order to effect replacement of a 
15 transmitter in the event of damage. 

The "learn" feature is important not only at the time of manufacture, but 
also during routine maintenance of the vehicle, for example, when the tires are 
rotated. Since the receiver 200 is programmed to associate the codes of its 
transmitters with the locations of those transmitters on the vehicle (e.g. left front, 
20 left rear, right front, right rear), when the tires are rotated, the locations must 
be releamed; otherwise, in the event of excessive decrease of tire pressure in a 
particular tire, the display on the driver information console would provide 
incorrect information. 

As shown in Figure 7, the two sub-miniature buttons 710 and 720 are 
25 labeled "former* and "present", respectively. Immediately after tire rotation, a 
service technician presses the "former" button 710 repeatedly until the desired 
tire location is illuminated on the driver information console 700. After the 
former position has been indexed in this manner, the technician presses the 
"present* button 720 until the present position of the tire is illuminated on 
30 console 700. After the "present" button is released, the former and present 
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positions of any one tire will flash sequentially, followed by a pause (which may 
be, for example, one half-second long) Co indicate the recalibration to be stored. 
This information could also be displayed on an LCD display. This new tire 
location will be recalibrates into the system receiver when both the former and 
the present buttons are pressed together for a brief period, less than three 
seconds. This procedure is repeated for each of the tires in the system, and 
concludes when the last tire has been recalibrated by depressing both former and 
present buttons together for Jen seconds, for example. 

As an example, in a standard tire rotation, the front tires are shifted to the 
back, and the back tires will be shifted to the front. A first recalibration step 
would be to press the "former" button 710 until the left front light on the driver 
information console 700 is illuminated. Then, "present" button 720 would be 
pressed until the left rear light on the console 700 is illuminated. When both 
former and present buttons are depressed, the location of the transmitter, shifted 
from left front to left rear, will be stored in receiver 200. 

While the invention has been described in detail with reference to a 
preferred embodiment, various changes and modifications within the scope and 
spirit of the invention will be apparent to those of working skill in this 
technological field. Thus, the invention is to be considered as limited only by 
the scope of the appended claims. 
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What is claimed is: 



1 1. In a vehicle having a plurality of wheels, each of said wheels having a 

2 corresponding plurality of tires mounted thereon, a tire pressure monitoring 

3 system including a display interface inside said vehicle for providing an 

4 indication of abnormal tire pressure, said system further comprising, for each of 

5 said tires, sensing/transmitting means which comprise: 

6 means for sensing pressure; 

7 means for producing signals indicative of temperature-compensated 

8 pressure of a respective one of said tires; 

9 means for encoding said signals so as to provide encoded signals, 

10 identifying said each of said dies, and location thereof on said vehicle uniquely; 

11 and 

12 means for transmitting said encoded signals; 

13 said system further comprising: 

14 means for receiving said encoded signals; 

15 means for decoding said encoded signals, and providing display signals 

16 accordingly; 

17 means for providing a display indicative of low pressure and location of 

18 said each of said tires in accordance with said display signals; and 

19 means for recalibrating said system such that, in the event of rotation of 

20 tires on said vehicle, said system reacquires information on said location of each 

21 of said tires. 

1 2. A system as claimed in claim 1, wherein said means for sensing pressure 

2 comprises: 

3 a transducer having a housing with an open end closed off by a diaphragm 

4 to define a chamber, the chamber being filled with dry nitrogen, a side of the 

5 diaphragm not facing said dry nitrogen being exposed to an interior of said tire; 

6 and 
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7 a normally closed switch comprising first and second contacts, said second 

8 contacts being associated with said diaphragm, wherein said diaphragm moves 

9 away from said first contacts to open said normally closed switch when a 
10 pressure of one of said tires falls below a predetermined value. 

1 3. A system as claimed in claim 1 , wherein said means for producing signals 

2 comprises a surface acoustic wave (SAW) device. 

1 4. A system as claimed in claim 3, wherein said means for receiving said 

2 encoded signals comprises a regenerative receiver and a SAW frequency control 

3 device. 

1 5. A system as claimed in claim 1, wherein said means for decoding said 

2 encoded signals comprises a microcontroller. 

1 6. A system as claimed in claim 5, wherein said means for recalibrating said 

2 system comprises said microcontroller and pushbuttons associated with said 

3 means for providing a display, wherein depression of said pushbuttons in a 

4 predetermined manner programs said microcontroller to store location of said 

5 tires on said vehicle- 

1 7. A system as claimed in claim 1, wherein said means for encoding 

2 comprises an application specific integrated circuit (ASIC), and said encoded 

3 signals comprise a multiple-bit identification code, a one-bit pressure code, and 

4 a one bit learn code. 

1 8. A system as claimed in claim 7, wherein said ASIC comprises means for 

2 providing a dwell time between outputted encoded signals, said dwell time being 

3 predetermined in accordance with said multiple-bit identification code. 
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1 9. A system as claimed in claim 1, further comprising a plurality of battery 

2 means for powering a respective one of said sensing/transmitting means. 

1 10. A system as claimed in claim 6, wherein said means for providing a 

2 display comprises a driver information console and said pushbuttons, said drive 

3 information console also providing additional information concerning operation 

4 of said vehicle. 

1 11. A system as claimed in claim 6, wherein said multiple-bit identification 

2 code is a 12-bit code. 

1 12. A system as claimed in claim 6, wherein said multiple-bit identification 

2 code is a 20-bit code. 

1 13. A system as claimed in claim 6, wherein said multiple-bit identification 

2 code is a 24-bit code. 
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AMENDED CLAIMS 

[received by the International Bureau on 30 August 1994 (30.08.94); 
original claims 1-13 replaced by amended claims 1-19 {4 pages)] 

1 1 . In a vehicle having a plurality of wheels, each of said wheels having 

2 at ieast out iire mounted thereon, a tire pressure monitoring system including 

3 a display interface inside said vehicle for providing an indication of abnormal 

4 tire pressure, said system further comprising, for each of said tires, sensing/ 

5 transmitting means which comprise: 

6 . means for sensing pressure; 

7 means for producing signals indicative of temperature-compensated 

8 pressure of a respective one of said tires; 

9 means for encoding said signals so as to provide encoded signals, 

10 identifying said each of said tires, and location thereof on said vehicle 

11 uniquely; and 

12 means for transmitting said encoded signals; 

13 said system further comprising: 

14 means for receiving said encoded signals; 

15 means for decoding said encoded signals, and providing display signals 

16 accordingly; and 

17 means for providing a display indicative of low pressure and location 

18 of said each of said tires in accordance with said display signals; 

19 characterized in that the sensing/transmitting means are mounted 

20 internally of the tire, and in that the system comprises means for recalibrating 

21 said system such that, in the event of rotation of tires on said vehicle, said 

22 system reacquires information on said location of each of said tires. 

1 2. A system as claimed in claim 1, wherein said means for recalibrating 

2 said system comprises a microcontroller and pushbuttons associated with said 

3 means for providing a display, wherein depression of said pushbuttons in a 

4 predetermined manner programs said microcontroller to store location of said 

5 tires on said vehicle. 
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1 3. A system as claimed in claim 2, wherein said means tor recalibrating 

2 said system further comprises a magnetically-activated switch, activated in 

3 response to presence of a magnetic field in a vicinity thereof, and wherein 

4 activation of said switch in conjunction with said depression of said push 

5 buttons in said predetermined manner programs said microcontroller to store 

6 location of said tires on said vehicle. 

1 4. A system as claimed in claim 2, wherein said means for providing a 

2 display comprises a driver information console and said pushbuttons, said 

3 driver information console also providing additional information concerning 

4 operation of said vehicle. 

1 5. A system as claimed in claim 1, wherein said means for encoding 

2 comprises an application specific integrated circuit (ASIC), and said encoded 

3 signals comprise a multiple-bit identification code. 

1 6. A system as claimed in claim S t wherein said multiple-bit identification 

2 code is a 12-bit code. 

1 7. A system as claimed in claim 5, wherein said multiple-bit identification 

2 code is a 20-bit code. 

1 8 . A system as claimed in claim 5, wherein said multiple-bit identification 

2 code is a 24-bit code. 

1 9. A system as claimed in claim 1, wherein said means for encoding 

2 comprises an application specific integrated circuit (ASIC), and said encoded 

3 signals comprise a one-bit pressure code indicating a state of tire pressure. 

1 10. A system as claimed in claim 1, wherein said means for encoding 

2 comprises an application specific integrated circuit (ASIC), and said encoded 

3 signals comprise a one-bit learn code indicative of whether said sens- 
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4 ing/transmirting means is providing information to teach said means for 

5 recalibrating so as to enable said system to reacquire information on said 

6 location of each of said tires. 

1 11. A system as claimed in claim l t wherein said means for encoding 

2 comprises an application specific integrated circuit (ASIC), said ASIC in turn 

3 comprising means for providing a dwell time between outputted encoded 

4 signals, said encoded signals comprising a multiple-bit identification code, and 

5 said dwell time being predetermined in accordance with said multiple-bit 

6 identification code. 

1 12. A system as claimed in claim 11, wherein said multiple-bit identifica- 

2 tion code is a 12-bit code. 

1 13. A system as claimed in claim 11, wherein said multiple-bit identiflca- 

2 tion code is a 20-bit code. 

1 14. A system as claimed in claim 11, wherein said multiple-bit identifica- 

2 tion code is a 24-bit code. 

1 15. A system as claimed in claim 1, wherein said means for sensing 

2 pressure comprises: 

3 a transducer having a housing with an open end closed off by a 

4 diaphragm to define a chamber, the chamber being filled with dry nitrogen, 

5 a side of the diaphragm not facing said dry nitrogen being exposed to an 

6 interior of said tire; and 

7 a normally closed switch comprising first and second contacts, said 

8 second contacts being associated with'said diaphragm, wherein said diaphragm 

9 moves away from said first contacts to open said normally closed switch when 
10 a pressure of one of said tires falls below a predetermined value. 
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1 16. A system as claimed in claim 1, wherein said means for producing 

2 signals comprises a surface acoustic wave (SAW) device. 

1 17. A system as claimed in claim 16, wherein said means for receiving 

2 said encoded signals comprises a regenerative receiver and a SAW frequency 

3 control device. 

1 18. A system as claimed in claim 1, wherein said means for decoding said 

2 encoded signals comprises a microcontroller. 

1 19. A system as claimed in claim 1, further comprising a plurality of 

2 battery means for powering a respective one of said sensing/transmitting 

3 means. 
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S TATEMENT UNDER AR TICLE 19 m 

Claims 1-19 are pending in the application. 
Claim 1 has not been amended . 

Claim 7 has been divided into what are now claims 5 and 9. 
Claims 3, 10 , 11, and 12-14 are newly added. 
Original claim 8 has been cancelled. 

The remaining claims have been renumbered as follows: 
Claim 2 corresponds to original claim 6; claim 4 corresponds 
to original claim 10; claims 6-B correspond to original claims 11- 
13; and claims 15 , 16, 17 , 18 and 19 correspond to original claims 
2, 3, 4, 5, and 9, respectively. 

It is submitted that the claims are proper in form and present 
patentable subject matter over the art of record as well as any 
other known art* 
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